The exogenous infective endophthalmitis occurs either after intraocular surgery or trauma and the endogenous endophthalmitis is usually the result of haematogenous spread of organisms to the eye from a site of infection elsewhere in the body or from contaminated catheters or needles. Almost all aspects of the disease have been dealt with in thousands of studies published including epidemiology, type of organisms, antibiotic susceptibility, diagnosis, prevention, treatment options, treatment outcome, etc. While majority of the reports have been from the USA, there are many reports from other countries that highlight the variation in epidemiology, organism type, their antibiotic susceptibility and treatment outcome in diverse settings[@ref1][@ref2][@ref3][@ref4][@ref5].

Several studies have been published from the premier ophthalmology institutes of India, reporting different aspects of endophthalmitis in the last two decades, most of which deal with post-operative endphthalmitis[@ref3][@ref6][@ref7][@ref8]. There are three reports that describe post-traumatic endophthalmitis in great detail[@ref4][@ref9][@ref10]. These reports provide considerable insight into the clinical, epidemiological and microbiological aspects of post-operative and post-traumatic endophthalmitis, however, none of these deals with endogenous endophthalmitis. We present here the data of the first 107 patients of endophthalmitis who were referred to our tertiary eye care centre located in the State of Odisha in India. The aim was to analyze the clinical and microbiological data of patients who were clinically diagnosed as endophthalmitis on presentation. Apart from demographic features and predisposing factors, the treatment profile and outcome were described in patients with culture positive (bacterial, fungal) or negative post-operative, post-traumatic and endogenous endophthalmitis.

Material & Methods {#sec1-1}
==================

A retrospective chart review of 107 patients who had presented in the outpatient clinic of the L.V. Prasad Eye Institute, Bhubaneswar, Odisha, India, between December 2006 and January 2009 with a clinical diagnosis of endophthalmitis was done. The study protocol was approved by the institutional review board and written informed consent was obtained from all patients. All patients had undergone complete eye examination under slit lamp biomicroscopy following collection of history and demographic details. Ultrasound B scan was done in eyes when media opacity (corneal oedema, anterior chamber exudates, vitreous exudates) precluded fundus view with indirect ophthalmoscope. Following complete pre-operative evaluation all patients were subjected to parsplana vitrectomy with intraocular antibiotics with or without corticosteroids injection. At the time of vitrectomy, undiluted vitreous sample (0.2-0.5 ml) was collected from all cases prior to intraocular injection, using a syringe attached to the vitrectomy canula and the sample was sent immediately to the microbiology laboratory. Additional surgical procedures were performed whenever indicated. The vitreous sample was processed within 30 min in the laboratory as per institutional protocol published earlier[@ref11]. Drops of vitreous were used to make three smears (stained with Gram, Giemsa and Calcofluor white stain) for microscopic examination and inoculation of six culture media \[5% sheep blood agar, 5% sheep blood chocolate agar, brain heart infusion (BHI) broth, thioglycollate broth, Robertson\'s cooked meat broth and Sabouraud dextrose agar (SDA), Hi media, Mumbai\]. All media were incubated at 37°C except Sabouraud dextrose agar that was held at 27°C in BOD incubator. Chocolate agar was incubated in 5 per cent CO~2~. Any bacterial growth was identified using API system (bioMerieux, France) and fungal identification was based on colony characteristics and microscopic features. All culture media were held for two weeks in case of no growth before declaring the sample as sterile. Only unequivocal or significant culture results were considered[@ref11]. The criteria to determine significance of a culture included *(i)* confluent growth in any solid media; and/or *(ii)* growth in more than one medium; and/or *(iii)* growth in one medium with presence of organism in direct microscopy. All bacterial isolates were tested for their susceptibility to a battery of antibiotics by Kirby-Bauer disc diffusion method[@ref12]. Susceptibility for fungal isolates was not performed.

After collection of vitreous sample all patients received intravitreal vancomycin 1.0 mg/0.1 ml and ceftazidime 2.25 mg/0.1 ml, as per the institutional antibiotic policy. Post-operative treatment of the patients consisted of systemic and topical antibiotics. Patients with fungal infection were given intravitreal amphotericin B (5 μg/0.1 ml). The patients were examined post-operatively on days 1, 3, 7 and weekly thereafter for one month or more based on the response to therapy. Final visual acuity at not less than one month follow up was included in the analysis.

Geographical location of the patients, prior history, presenting visual acuity, type of intervention, length of follow up, microscopy and culture results of the vitreous sample, antibiotic susceptibility of the bacterial isolates and final outcome were analysed. Chi square test for proportions was applied for all comparisons and a *P* \<0.05 was considered significant.

Results {#sec1-2}
=======

Of the 107 patients, 43 (40.2%) were post-traumatic, 46 (43.0%) post-operative and 18 (16.8%) were endogenous. Of the 46 post-operative cases, eight (17.3%) patients had undergone cataract surgery in-house while the remaining were referred from outside. All cases of endogenous and post-traumatic endophthalmitis were referred from outside. The patients came from all over Odisha State, especially in and around Bhubaneswar situated in Khurda district. Six patients (5.6%) came from the neighbouring States of West Bengal, Assam and Andhra Pradesh.

The demographic details of the patients in different groups are given in [Table I](#T1){ref-type="table"}. The mean age of patients with post-operative endophthalmitis at 51.8 yr was higher than that of patients with post-traumatic (22.1 yr) and endogenous endophthalmitis (30.9 yr), however, the difference was not significant. [Table II](#T2){ref-type="table"} provides the analysis of microscopy and culture findings of the vitreous from all patients. Distribution of types of bacteria and fungi causing endophthalmitis is given in [Table III](#T3){ref-type="table"}. Culture was positive in 45 patients (42%), and microscopy was positive in 38 patients (35.5%). The distribution of infecting organisms was as follows: 31 patients had monobacterial infection, 12 patients had monofungal infection and two patients had polymicrobial infection (bacteria and fungus-1, two bacterial species-1). Of the 34 bacterial isolates, 13 (38.2%) were Gram-negative and 21 (61.8%) were Gram-positive. The results of antibiotic susceptibility testing are shown in [Table IV](#T4){ref-type="table"} for Gram-negative and Gram-positive bacteria.
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Demographic details of 107 patients included in the study
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Results of microscopy and culture of vitreous samples from all patients with endophthalmitis
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Microbiological findings of vitreous samples from 45 patients with post-operative, post-traumatic and endogenous endophthalmitis yielding significant growth of bacteria or fungus in culture
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Antibiotic susceptibility profile of bacterial isolates from different types of endophthalmitis (n=34)
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Best corrected visual acuity (BCVA) at presentation was less than 20/200 in 94 out of 101 (93%, data missing-6) patients. The presenting BCVA of the patients in various groups was compared with the final BCVA after treatment. All patients had a minimum follow up of at least one month. Thirteen patients (12.1%) were lost to follow up. [Fig. 1A](#F1){ref-type="fig"} shows the comparison of presenting and final BCVA of 32 patients with bacterial endophthalmitis (single bacterial isolate - 31, two bacterial isolates - 1), and 12 patients with fungal endophthalmitis. One patient with mixed fungal and bacterial infection was excluded from this analysis. Although the mean presenting BCVA of patients with bacterial endophthalmitis (LogMAR 2.75) was less than the eyes with fungal endophthalmitis (LogMAR 2.35), the final visual recovery was better in bacterial than fungal (LogMAR 1.78 and 1.93, respectively) endophthalmitis. The difference was, however, not significant. Presenting and final BCVA in patients with Gram-positive (n=19) and Gram-negative (n=13) bacterial infection is shown in [Fig. 1B](#F1){ref-type="fig"}. The pre- and post-intervention BCVA of bacterial, fungal and culture negative endophthalmitis cases for the three types of endophthalmitis are shown in Figs [2](#F2){ref-type="fig"}-[4](#F4){ref-type="fig"}. In the endogenous endophthalmitis group, data on pre- and post-treatment visual acuity were available for 6 bacterial, 2 fungal and 7 culture endophthalmitis patients ([Fig. 2](#F2){ref-type="fig"}). Post-intervention BCVA remained unchanged or improved by one line or more for 6 of 6 bacterial, 1 of 2 fungal and 6 of 7 culture negative endophthalmitis patients. Analysis of visual acuity before and after treatment, available for 43 post-operative endophthalmitis ([Fig. 3](#F3){ref-type="fig"}) patients (bacterial-8, fungal-7, culture negative-28) showed unchanged or improved BCVA after treatment in 8 of 8 bacterial, 5 of 7 fungal and 26 of 28 culture negative endophthalmitis patients. Post-intervention BCVA data of post-traumatic endophthalmitis ([Fig. 4](#F4){ref-type="fig"}) available in 35 cases (bacterial-9, fungal-3, culture negative- 23) showed unchanged or improved BCVA in 9 of 9 bacterial, 2 of 3 fungal and 20 of 23 culture negative endophthalmitis patients. Infection was not controlled in two patients with fungal infection and the eyes needed evisceration (PO-1, *Aspergillus flavipes*, PT-1, *Aspergillus fumigatus*). Data of two patients with polymicrobial infection in post-traumatic group are not included in the figures. The presenting BCVA in both these cases was PL PR inaccurate and remained same after treatment.

![Comparison of presenting visual acuity and final visual acuity between **(A)** patients with bacterial (n=32), fungal (n=12), **(B)** Gram-negative (n=19) and Gram-positive (n=13) bacterial endophthalmitis.](IJMR-139-91-g005){#F1}
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![Comparison of pre- and post-intervention BCVA (LogMAR) in post-operative endophthalmitis (n=43, bacterial-8, fungal-7, sterile-28, missing data=3).](IJMR-139-91-g007){#F3}

![Comparison of pre-and-post intervention BCVA (LogMAR) in post-traumatic endophthalmitis (n=35, bacterial-9, fungal-3, sterile-23, missing data=8).](IJMR-139-91-g008){#F4}

Discussion {#sec1-3}
==========

Published in 1975, Forster *et al*[@ref13] described 54 cases of suspected endophthalmitis seen between July 1969 through March 1975. Several reports have been published from north, south and central India on post-operative endophthalmitis[@ref3][@ref6][@ref7][@ref8], and one on post-traumatic endophthalmitis[@ref9]. We have earlier reported on the independent risk factors for poor visual outcome in patients with post-operative and post-traumatic endophthalmitis in a multivariate analysis[@ref10]. Of these, only two have analyzed the visual outcome of the patients after treatment[@ref7][@ref8]. The data presented here nearly represent whole of the eastern State of Odisha because all patients had been referred from various parts of Odisha except six who came from the neighbouring States. Eight patients who developed post-operative endophthalmitis after cataract surgery in this hospital also belonged to Odisha.

There were more males than females in all the groups except culture negative post-operative group. While the male predominance in post-traumatic group could be due to greater chances of exposure of males to trauma due to outdoor activities, the reason for male preponderance in other two groups could possibly be due to more males willing to travel when referred or could be socio-economic. For reasons that young males are more actively involved in outdoor activities, the mean age of patients in post-traumatic group was lower than other two groups.

The vitreous culture was positive in 42 per cent cases and direct microscopy was positive in 35.5 per cent cases. None of the patients had received intraocular antibiotics prior to presentation although some had received systemic antibiotics. Extensive variation in culture positivity in clinically diagnosed endophthalmitis cases is known and has been reported[@ref14][@ref15][@ref16]. This varies from 38 to 44 per cent in Indian subjects with post-operative endophthalmitis[@ref6][@ref7] and is marginally higher in post-traumatic endophthalmitis[@ref4]. A variety of causes such as delay in processing the sample, low microbial load, sequestered microorganisms, prior antibiotic therapy, *etc*. might be responsible for low culture positivity; molecular methods such as polymerase chain reaction (PCR) have been recommended for the diagnosis of endophthalmitis. In the present study, the vitreous samples were processed immediately for microscopy and culture, ruling out delay in processing as a cause for low positivity.

The spectrum of organisms partly depends on the geographical location of the patient. The Endophthalmitis Virectomy Study (EVS)[@ref16] conducted in the United States reported 94 per cent Gram-positive cocci and 6 per cent Gram-negative bacilli in post-operative endophthalmitis; the published Indian literature reported 10-54 per cent Gram-positive cocci, 26-42 per cent Gram-negative and 16-22 per cent fungal infection in post-operative endophthalmitis[@ref3][@ref6][@ref7]. One Indian study has reported unusually high (60%) *Nocardia* infection in post-operative endophthalmitis[@ref8]. In an earlier study, we found the prevalence of *Nocardia* in post-operative endophthalmitis to be less than 1 per cent[@ref3]. There were no cases of *Nocardia* infection in the present study, and there was almost equal involvement of bacteria and fungi in cases of post-operative endophthalmitis with high prevalence of Gram-negative bacteria. Bacteria predominated in post-traumatic and endogenous endophthalmitis groups and involved a large number of species. Fungi were isolated from all types of endophthalmitis and 9 of the 13 fungal isolates were filamentous. Polymicrobial infections have been reported more often from post-traumatic endophthalmitis[@ref4] than post-operative[@ref3][@ref7] and two cases in this study were also in post-traumatic group.

Intravitreal antibiotics with or without vitrectomy and intravitreal corticosteroid are the current standards of care in bacterial endophthalmitis. It is also considered important to empirically inject antibiotics against Gram-positive organisms (vancomycin) and Gram-negative organisms (ceftazidime). Intravitreal antifungal medication (amphotericin B) with vitrectomy is current standard of care in fungal endophthalmitis. In this study 100 per cent of the Gram-positive bacteria were sensitive to vancomycin and the susceptibility of Gram-negative bacteria to ceftazidime was variable. Earlier studies from different parts of India have reported similar results[@ref3][@ref4][@ref6][@ref7]. Hence, one could expect good response in Gram-positive bacterial endophthalmitis compared to either Gram-negative or fungal infections. However, we did not find such a difference in this study. Final BCVA was in fact marginally better in patients with Gram-negative infection which may be due to the small sample size.

Compared to bacterial endophthalmitis, the treatment outcome of fungal endophthalmitis cases was poorer (though statistically not significant) in this study despite specific therapy. This is attributed in some measure to the low dosage of amphotericin B that can be safely administered intraocularly and not so favourable response of filamentous fungi to amphotericin B[@ref17][@ref18][@ref19]. The trend of better response to treatment in bacterial endophthalmitis and poorer response of fungal endophthalmitis was seen in all types of endophthalmitis.

We have earlier reported good visual outcome in presumed non-infectious endopthalmitis[@ref20]. In this study also the post-intervention BCVA was superior when the vitreous samples was negative in culture and the patients were empirically treated as bacterial endophthalmitis. This implied that while some cases might have been sterile, those infective were probably of bacterial origin.

In conclusion, this study in the Odisha State in eastern India demonstrates that the spectrum of infection and outcome following the standard of care in all forms of endophthalmitis is no different from other parts of India. The State has a peculiar climatic condition of extreme dry weather in north Odisha (similar to north India) and extreme humid weather in south coastal Odisha (similar to south coastal India). This does not seem to have affected the endophthalmitis infection spectrum unlike some of the other eye infections such as microsporidial keratoconjunctivitis unique to this region[@ref21]. Hence, based on our results empirical use of standard intravitreal therapy (vancomycin and ceftazidime in bacterial endophthalmitis; amphotericin B in fungal endophthalmitis) may be recommended though vitreous biopsy for culture and sensitivity should always be insisted on.
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